The MTFs and LSFs of screen-film systems include several image-degrading components. For many decades, the light diffusion in the screens was considered to be the cause of unsharpness in screen-film systems. The light diffusion in the screens includes the transmission of emitted phosphor light via reflection, refraction, scattering, and absorption processes in a phosphor layer which is made up of phosphor particles and a plastic binder coated on a base. It has been found generally that the thicker the phosphor layer, the greater the light diffusion, and thus the greater the unsharpness. One should note, however, that thick screens are commonly employed for the purpose of increasing the sensitivity or speed because the x-ray absorption in the screens is increased. The light reflection or absorption layer coated on the base is also known to be a factor affecting both the unsharpness and the speed of screen-film systems. Therefore, for screen-film systems which consist of the same film and of screens made of the same phosphor, the faster the screen-film system, the lower the MTF will be in general, as illustrated in Figure 5 .1. Here the MTFs of four screen-film systems (3M Trimax 2, 4, 8, and 12 screens combined with Kodak OG film) were measured at 80 kV. The relative speeds of Trimax 2, 4, 8, and 12 with OG film were approximately 1.0, 1.5, 2.8, and 4.1, respectively. Other factors affecting the MTF of a screen-film system are described below.
Crossover Exposure
For more than ten years, crossover exposure has been recognized as a significant factor contributing to unsharpness in screen-film systems (Rohler, 1965; Berg and Spuhler, 1965; Doi, 1966; Lubberts, 1969a; Doi, 1973; Sanderson and Cleare, 1974; Doi et al., 1981; Huff and Wagner, 1984; Bunch, 1984) . In conventional double-coated x-ray film sandwiched between the two screens, the crossover effect is attributed to additional radiant exposure to the film emulsion caused by light that is emitted by the screen placed opposite that emulsion. The primary cause of this crossover is the incomplete absorption of screen light by the adjacent emulsion. The light is spread due to transmission, scattering, and reflection in the film base and interfaces (Berg and Spuhler, 1965) . This effect increases the speed, but decreases the sharpness of images obtained with a screen-film system. In x-ray films presently available, a considerable fraction of film darkening (up to approximately 40% in terms of total effective radiant exposure) is due to crossover exposure. In addition, a small fraction of the double-crossover effect, in which the light is reflected from the opposite 22 emulsion and other interfaces to expose the adjacent emulsion, can influence the MTF of a screen-film system. Figure 5 .2 illustrates the MTF of green-emitting screens combined with a green-sensitive film (3M Trimax 8 screens with Kodak OG film) and also its components (Doi et al., 1981) . It is apparent that the MTF of the screen-film system is affected considerably by the crossover exposure effect. Figure 5 .3 shows the MTFs of Trimax 12 screens combined with four different films (Kodak OG and OM, and 3M XD and XUD). Trimax 12/0M is a single-screen/single-emulsion film system (Higashida et al., 1983) in which a single Trimax 12 back screen is used. The relative speeds of Trimax 12 screens with OM, XUD, OG, and XD film are approximately 2.1, 2.5, 4.1, and 8.4, respectively. It is obvious that the MTFs and the speeds of screen-film systems vary significantly with the type of film used.
X-ray Beam Quality
Until the early 1970's, screens were commonly made of calcium tungstate phosphors, and it was generally believed that the MTFs of screen-film systems were not strongly dependent on the x-ray beam quality used for measurements (Takizawa and Doi, 1963) . This was based on the argument that unsharpness in screen-film systems was mainly due to light diffusion, which does not change significantly with the beam quality used in the diagnostic energy range. However, since new phosphors, generally known as rare-earth phosphors, have been introduced into diagnostic radiology (Buchanan et al., 1972; Stevels, 1975; Lawrence, 1977) , the reabsorption of fluorescent x rays emitted from heavy element(s) in a phosphor has been noted as a factor contributing to the speed and noise of screenfilm systems (Swank, 1973; Castle, 1977; Shuping and Judy, 1977; Vyborny et al., 1978; Dick and Motz, 1981; Holje, 1983; Kodera et al., 1984) when the incident xray energy is greater than the K edge of the heavy element. Theoretical calculations of lateral positions of K x-ray reabsorption in phosphor layers demonstrated a considerable spread which is almost comparable to that of the LSF of screen-film systems (Vyborny et al., 1978) . The importance of this spread depends on the amount of the total energy absorbed due to the fluorescent x rays. The MTFs of a gadolinium-oxysulfide screen-film system were measured with filtered x-ray beams, which simulated incident x-ray beams above and below the K edge (50.2 ke V) of gadolinium (Arnold and Bjarngard, 1979 SPATIAL FREQUENCY (mm-1 ) 8 9 9 Fig. 5.3 . MTFs of four screen-film systems obtained with different type of films (Doi, 1985) .
10 10 of screen-film systems containing various phosphors for various monoenergetic x rays, and found an apparent dependence of MTFs on incident x-ray energy. For example, the modulation transfer factor of thick screens at 3 mm-1 was changed as much as 0.070 depending on the incident x-ray energy.
Oblique-Incidence Beam
When a narrow x-ray beam is incident obliquely on a screen-film system, the image on the front and back emulsions of the film are shifted slightly, thus producing a double image when viewed from a direction perpendicular to the film. This phenomenon, sometimes called a parallax effect (Higashida et al., 1983) , is a factor degrading the image sharpness and thus the MTF of the screen-film system. When the incident angle of the x rays is large, as for example, in tomography, this effect may cause appreciable image unsharpness, which may be comparable to the unsharpness due to the light diffusion in the screen (Bunch, 1975; Wayrynen et al., 1977) . The LSFs and MTFs of a screen-film system measured at various incident angles are shown in Figure 5 .4. One should note that when the incident angle is large, the PSF of a screenfilm system is not rotationally symmetric, and the LSFs depend on the orientation of the slit. The largest degradation in LSFs and MTFs occurs when the slit is placed perpendicular to the direction of a shift in the double image. Since the cause of this effect is the separation of the two screens by the thickness of the film, a combination of a single-screen with a single- emulsion film such as that used in mammography will reduce this degradation to a negligible level (Higashida et al., 1983) .
Cassette
Although cassettes have long been used in conventional radiography, there have been few studies of the effects of the cassette on the image. Traditionally, the primary requirement has been the maintenance of good screen-film contact, so that image degradation due to light dispersion is minimized. Rigidity, durability, and radiotransparency have also been emphasized as desirable properties for cassettes (Patterson, 1950) . The poor contact in screen-film systems has been simulated experimentally by the use of thin plastic sheets as spacers between screens and film. The MTF of a medium-speed screen-film system was degraded significantly when 200-micron-thick spacers were employed (Loo, 1982) , as shown in Figure 5 .5. With poor contact or with the spacer, it was also demonstrated that radiographic noise became smooth and that the level of the Wiener spectra was decreased considerably (Rossmann, 1963b; Loo, 1982) . For accurate measurements of the MTFs of screen-film systems, therefore, it is necessary to maintain good screen-film contact.
Recently, carbon fiber, a material with low x-ray attenuation, has become available for cassette fronts and table tops, and the physical properties of carbon fiber cassettes, as well as other conventional cassettes have been investigated (Trefler, 1982; Haus et al., 1980a; Shuping et al., 1980; Rao et al., 1981; Schmidt et al., 1983) . It has been found that the materials used for cassettes produce a small amount of scattered radiation, in the range of approximately 5-10 percent, and that this scatter is primarily due to the cassette front (Schmidt et al., 1983) . When a conventional cassette instead of a slit device such as that shown in Figure 4 .5 is used for MTF measurements, the scatter from the cassette is likely to cause a slight broadening of the LSF tail. The quantitative effect of this scatter on the LSF and MTF of screen-film systems, however, remains to be investigated.
